Planned slaughter after breeding
This approach has yielded the most reliable information about the nature of fertility losses. Since the early reports of Laing (1949) and Tanabe & Casida (1949) , a series of investigations have been carried out, to examine fertilization rates about 3 days after mating and subsequent embryonic mortality at different times, usually up to 35 days after mating. Table 1 summarizes the results of a number of investigations up to 1969 in normal and repeat-breeder heifers and cows, after impreg¬ nation with semen from fertile bulls. Several findings stand out from these results. (1) In first-service heifers, the fertilization rate achieved may be almost 100%. Fertility losses in these animals are due almost solely to embryonic death. (2) In repeat-breeder heifers, heavy fertility losses occur because of fertilization failure and also embryonic mortality. (3) Cows with normal breeding histories also sus¬ tained fertility losses due to fertilization failure and embryonic death, but both were at low levels. (4) Repeat-breeder cows suffered fertility losses due to fertilization failure and embryonic mortality, both at higher levels than in normal cows, resulting in total fertility losses twice as high as those in normal cows after about 5 weeks after insemination. (1955) Ayalon ( Fertility losses, for periods between 3 and 19 days after service have been examined in a comparative investigation of various parameters connected with the reproductive performance of normal and repeat-breeder cows Ayalon, 1972) and the results are shown in Table 2 .
Since it was clear that embryonic deaths in repeat breeders were occurring no later than 11-13 days after insemination, it was decided to examine fertility losses at earlier times. The fertility findings (Table 3) were not significantly different between the two kinds of cows until Day 6-7 after insemina¬ tion. Within the repeat-breeders group, highly significant differences (P < 0-01) were evident between the results at 4-5 days and later periods. Altogether, these results furnish clear evidence that fertility losses in repeat breeders occur earlier than previously considered. The critical period appears to be soon after the embryo enters the uterus, 6-7 days after service, when the morula is developing into the blastocyst. Ayalon (1973) has shown that Day 7 rather than Day 6 is the critical day on which embry¬ onic death becomes evident. (Casida, 1950) . Neither were there significant differences, up to 150 days of gestation, between inbred or outbred embryos or inbred or outbred dams (Hawk, Tyler & Casida, 1955) . By contrast, Mares, Menge, Tyler & Casida (1961) and Conneally, Stone, Tyler, Casida & Morton (1963) noted that inbred dams had a lower incidence of embryo survival.
Genetic variability for conception at first service and embryonic mortality was found among different families of Holstein-Friesians in the U.S.A. (Mares et al, 1961 ; Menge, Mares, Tyler & Casida, 1962) . Inbreeding influenced embryonic mortality at different levels-early when the embryos were inbred, and later when the dam was inbred. Casida (1961) reported that daughters of dams conceiving at first service, compared with daughters of dams who did not, had higher conception rates themselves at first service, but suffered a higher rate of embryonic mortality. Ashton & Fallón (1962) appeared to show, on the basis of returns after 25 days from artificial insemination, that matings between cattle homozygous for beta-globulin showed a good fertilization rate but also considerable embryonic death. However, Rausch et al. (1963) found no correlation between fertility and beta-globulins. Infertility, due to a high incidence of embryonic mortality, was induced in heifers isoimmunized with a single injection of semen (Menge, 1969 Rajakoski (1968) , and it was considered that chromosome abnormalities might contribute to early embryonic mortality in cattle.
An interesting theoretical approach to the question of genetic involvement in embryonic death was presented by Bishop (1964) . He suggested that the genetic factors involved in embryonic mortality are not necessarily inherited by the parents but rather that most of these factors arise de novo in each parent generation and that some are likely to arise in the definitive gametes. Bishop contended that a considerable part of embryonic death is unavoidable and should be regarded as normal and as a means of eliminating unfit genotypes at low biological cost.
Environmental factors
Nutrition. There are practically no experimental data on the correlation between nutrition and proven embryonic mortality. Most pertinent experiments concerning nutrition and fertility deal with the influence of the plane of nutrition. In a long-term experiment with Holstein-Friesian cattle, lasting from birth until the 5th calving (Reid et al., 1964) , the reproductive performance was compared of cows fed low, medium or high planes of nutrition from birth to the time of first calving; after which the plane of nutrition was equalized. Feeding level had no significant effect on the number of services per pregnancy up to the 6th pregnancy. The percentage of first pregnancies was related inversely to the plane of nutrition provided before the first calving. There are other reports which indicate an adverse effect of a high plane of nutrition on fertility in heifers (Brännäng, 1954; Joubert, 1954) . In a lifetime experiment, Larsen & Larsen (1956) found that the level of feeding imposed after the first calving had very little effect upon the number of services needed per pregnancy, although there was a tendency for cows on a low nutritional plane to conceive more readily than those on higher planes.
Reid et al (1964) emphasized that it has not been determined whether fertilization or embryo survival in cattle is influenced by feeding level. In one of the few nutritional experiments connected with fertility in which planned slaughtering was employed (Hill, Lamond, Henricks, Dickey & Niswender, 1970) , beef heifers were subjected to short-term undernutrition. Fertilization rate and embryonic survival were compared with those in beef heifers fed the same diet but at normal levels of energy and protein. Undernutrition reduced plasma levels of progesterone and reduced the pro¬ portion of heifers with normal fertilized ova. No clear effect was seen on embryonic mortality at 8 or 18 days after breeding. Broster (1973) reviewed liveweight change and fertility in lactating dairy cattle, and the effects on fertility of protein and energy variations in the diet, yield level, feeding time around service and overfeeding. He concluded that the relationships were poorly defined and required further investigation.
Age. Based upon intervals of return to service, Erb & Holtz (1958) concluded that heifers had a higher rate of embryonic death than cows of fourth or fifth parity.
Climate. Most publications dealing with climate and reproduction consider the effect of high temperatures on fertility in cattle, and the cow rather than the bull is the major contributor to the seasonal (late summer) infertility (Stott, 1961) . Late summer infertility was characterized by a low rate of pregnancy at 35-41 days, and delayed returns to oestrus. It appeared that most embryonic losses occurred before 35 days (Stott & Williams, 1962) . Thermal stress after mating had disastrous effects on beef heifers exposed to 32CC for 72 h immediately after insemination ; none of the animals became pregnant compared with a 48 % conception rate in heifers exposed to 21°C (Dunlap & Vin¬ cent, 1971) . In dairy cows the first 4-6 days after service were determined to be the most critical (Wiersma & Stott, 1966 . Plasma progestagens and corticosteroids were measured in Holstein-Friesian cows, half of which were kept in shade where the peak temperature reached 42-45°C (con¬ trols) and half in a cooler place where peak shade temperatures were 10-13°C lower (Stott & Wiersma, 1973) . The hormone levels were depressed in both groups as the temperature increased from May to September, but were always higher in the cooler, experimental group. Conception rate during this period was 31 % in the experimental group and 14% in the control group. High humidity increased the effect of high temperature (Ingraham, Gillette & Wagner, 1974) and the average temperature-humidity index of the 2nd day before insemination was most related to conception.
Infection. In cattle, two infections generally considered to cause embryonic mortality, are Tricho¬ monas foetus and Vibrio fetus, and the effect of the latter has been demonstrated experimentally (Adler, 1959 ). Attempts to demonstrate the existence of low-grade non-specific infection as a cause of embryonic death in repeat-breeder cows have not been successful, either by direct culture or by response to uterine infusions of antibodies (Ulberg et al, 1952) .
Conditions at service. Insemination and slaughter experiments with cows have demonstrated that, as an ovum ages it retains the ability to be fertilized for a longer time than the ability to develop into a viable embryo (Barrett, 1948 (1954) found, on the basis of the difference between fertilization and non-return rates, that presumed embryonic losses were identical in heifers inseminated with sperma¬ tozoa from bulls of high and low fertility ranking, i.e. 24-2%. Bearden et al (1956) based estimated embryonic losses upon the difference between fertilization rates and actual slaughter findings 33 days after service: embryonic deaths were only 10-5% for high-fertility bulls and 19-2% for low-fertility bulls.
Hormonal imbalance. Although hormonal imbalance is frequently claimed to be connected with embryonic death, surprisingly little work has been published to establish to what extent this is true. The exception to this is progesterone, plasma levels of which have been shown to be similar in cows which are cyclic, which conceive or which do not become pregnant, until at-least about 16 days after ovulation (Shemesh, Ayalon & Lindner, 1968 ;  Pope, Mazlik, Ball & Leaver, 1976 ). Urinary excretion rates of oestrogen during the first 9 days after mating showed an altered pattern in cows which re¬ turned to oestrus as compared with those that conceived (Randel, Gaverick, Erb & Callahan, 1971) . In a more recent study, Erb, Gaverick, Randel, Brown & Callahan (1976) found no differences in excretion rates of urinary oestrogen, but plasma oestrogen levels were higher in fertile cows, par¬ ticularly 12 h before oestrus and for 8 days afterwards. Plasma progesterone levels were similar, with slightly higher levels for fertile cows, before the LH increase and from Day 6 after ovulation and on¬ wards. Erb et al. (1976) concluded that, compared with the fertile animals, infertile cows showed a high incidence of asynchrony, involving progesterone, LH, oestrogen and urinary oestradiol-17a levels most frequently before the day of oestrus. The pattern of hormone concentrations found is presented in Text- fig. 1 .
Very contrasting results were found by our group at the Veterinary Institute in Israel (Ayalon, 1973 (From Erb et al., 1976.) upon the normality of embryos at slaughter. The significance of the hormonal findings in our study is supported by the parallel findings on embryonic mortality after planned slaughter of repeat breeders and normal cows Ayalon, 1972) which show clearly that peak embryonic mortality also occurred on Day 7. Additional evidence, attesting to the critical physiological changes which become evident on Day 7 after service, are reflected in thestrikingchanges inionconcentrations in uterine flushings 6-8 days after insemination (see p. 490). A more direct approach to the problem of hormonal imbalance and its relation to embryonic death was attempted by ovariectomy and various hormonal replacement treatments (Hawk, Brins- field, Turner, Whitmore & Norcross, 1963) . First-service dairy heifers were ovariectomized 5, 6 or 7 days after insemination and given injections of progesterone alone or progesterone + oestrone. Both treatments gave good results, as shown by 73 % normal embryos at slaughter 27-89 days after insemin¬ ation. By contrast, only 18 % of repeat breeders, similarly treated, were pregnant at 38-62 days.
Therefore, fertility was not improved by ovariectomy and injection of hormones that maintained early pregnancies in a high percentage of first-service cattle. Hawk et al. (1963) pointed out, however, that the results of the study do not rule out the possibility that imbalances of ovarian hormones could be involved in early embryonic mortality by acting at a time before ovariectomy was performed. Support for such a possibility has come from the studies of Miller & Moore (1976a, b) and Moore & Miller (1976 Sreenan & Beehan, 1974) . Olds & VanDemark (1957) suggested that uterine fluid composition may be controlled by ovarian hormones and Heap & Lamming (1961) proved that this was so in the rat, rabbit, sheep and cow. In cyclic cattle, Lamothe & Guay (1970) have compared the composition of endometrial secretions from normal and repeatbreeder cows: repeat breeders had lower uterine concentrations of Na, P, glucose and total protein on Days 5 and 11. Concentrations of Ca, and Mg were higher in repeat breeders and showed cyclic variations. Attempts to influence the electrolyte composition of uterine fluids by glucocorticoid therapy (Ibrahim, Guay & Lamothe, 1972) and by a varied Ca/P ratio in the food (Lamothe, Bousquet & Guay, 1976) were without significant effect. Roberts & Parker (1974a) studied the nature of the macromolecular components of uterine fluid at different stages of the oestrous cycle and early preg¬ nancy and found small amounts of uterine-specific proteins. In a further report, Roberts & Parker (1974b) described an elevation of several glycosidases in uterine fluid as compared with serum, and concentrations rose in early pregnancy. No progesterone or oestrogen-binding activity was detected in the uterine proteins extracted. Linford & Iosson (1975) produced evidence that the presence of the conceptus itself has a local effect on some biochemical parameters of the endometrium, examined between 25 and 70 days pregnancy.
Our group at the Kimron Veterinary Institute has examined the levels of carbohydrate, total protein and several ions in the oviductal and uterine flushings from fertile and infertile cows during the period 6-8 days after to establish whether there are any service correlations of changes in concentrations of these constituents (Table 4) 
